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ABSTRACT
Glycans are known as the third major class of
biopolymers, next to DNA and proteins. They cover
the surfaces of many cells, serving as the ‘face’ of
cells, whereby other biomolecules and viruses inter-
act. The structure of glycans, however, differs greatly
from DNA and proteins in that they are branched, as
opposed to linear sequences of amino acids or nu-
cleotides. Therefore, the storage of glycan informa-
tion in databases, let alone their curation, has been
a difficult problem. This has caused many duplicated
efforts when integration is attempted between differ-
ent databases, making an international repository for
glycan structures, where unique accession numbers
are assigned to every identified glycan structure,
necessary. As such, an international team of devel-
opers and glycobiologists have collaborated to de-
velop this repository, called GlyTouCan and is avail-
able at http://glytoucan.org/, to provide a centralized
resource for depositing glycan structures, composi-
tions and topologies, and to retrieve accession num-
bers for each of these registered entries. This will
thus enable researchers to reference glycan struc-
tures simply by accession number, as opposed to
by chemical structure, which has been a burden to
integrate glycomics databases in the past.
INTRODUCTION
As there are already numerous publicly available glycan and
carbohydrate databases, it is important to clarify how Gly-
TouCan is different. As reported from theACGG-DBmeet-
ing (1) it was agreed that uniquely identifying glycan struc-
tures would be the main content of this repository. The user
and time/date of registration would also be attached with
the glycan structure information. Therefore the ability to
register glycan structures will be the main service provided,
and a unique accession number will be generated to be used
for reference in any lycan-related research or publications.
We note that it was decided at this ACGG-DBmeeting that
in order to simplify development, GlyTouCan will be re-
sponsible only for glycan structures and minimal metadata
(user and registration time/date). That is, other metadata
such as experimental data, aglycon information and pub-
lication would be outside the scope of this repository, and
it would be the responsibility of curated databases such as
UniCarbKB (2) and BCSDB (3) to cover such information.
Other attributes such as mass and motifs are attached to
each entry as they can be computed from the structure. Sim-
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ilarly, links to other database entries are computed from the
structure as well. However, glycan structures need not con-
sist purely of monosaccharides as GlyTouCan also covers
substituents on the monosaccharides that are not on the re-
ducing end of the glycan. Thus the major substituents such
as sulfates, phosphates, etc. are handled in version 1.0.
The first release of the International Glycan Structure
Repository was recently completed to enable this registra-
tion of glycan structures through either a web browser or a
programmable interface. The repository was pre-registered
with structures available in major public glycan databases
that provided their data: at the time of this writing, links
are available for GlycomeDB (4), BCSDB (3), GlycoEpi-
tope (5), and progress is currently being made to link with
UniCarbKB (2). For entries in other databases that con-
tained duplicate glycan structures (e.g. because of the in-
clusion of aglycons), these became single entries in GlyTou-
Can, and the Linked DB section would list all entries in the
original database containing that glycan structure. For the
current version, there were instances where structures could
not be registered because they could not be converted to
GlycoCT (6). In this case, we put these entries on hold for
the next version, which will use the Web 3.0 Unique Repre-
sentation of Carbohydrate Structures (WURCS) (7) as the
base format and should be able to handle such cases. The
site also provides a variety of methods to query and browse
the relationships of glycan structures based upon logic in-
herent among the registered structures. Herein, we describe
the functionality developed in the frontend of GlyTouCan,
backend web services, and linked data endpoint. The aim of
GlyTouCan is to simplify the identification of glycan struc-
tures and to help link related research within the many life
sciences databases available worldwide. In order to facili-
tate the integration of various life sciences databases, we
chose to use Semantic Web technologies, in particular Re-
source Description Framework (RDF) as the base technol-
ogy. LinkedData refers to the data that are containedwithin
the Semantic Web. As such, a triplestore (RDF database)
is incorporated into the GlyTouCan architecture, and an
endpoint is made available as a URL where the RDF data
(triplestore) can be accessed using the SPARQL query lan-
guage. Figure 1 illustrates the overall architecture of Gly-
TouCan, which consists of three major parts: the front-end
web interface, the backend which also includes a relational
database, and the triplestore. As GlyTouCan was an inter-
national collaboration between the US and Japan, the US
developers first developed the backend system, which was
used by the Japanese developers to develop the web inter-
face, and then converted to the triplestore.
This article will cover a brief explanation of fundamen-
tal GlyTouCan functionality. It should be noted that de-
tailed documentation is available on the user guide web-
site (http://code.glytoucan.org). This site not only includes
a detailed explanation of all functionalities, but also Linked
Data information and links to source code. It will primar-
ily cover the process by which a accession number can be
searched for, registered via a graphical user interface, ac-
cessed using a program and finally queried through our
publicly available Linked Data endpoint.
Figure 1. A schematic of the Glycan Repository architecture, which com-
prises of the front-end web pages, a REST API interface to the relational
database, and a SPARQL interface to the triplestore.
SEARCH, BROWSE AND FILTER
GlyTouCan offers a variety of methods to search and
browse through the glycan structures registered and other
preloaded data available. In the cases where there are a
vast number of search results, it is possible to filter based
upon common structural attributes. Structures from Gly-
comeDB (4), BCSDB (3) and GlycoEpitope (5) are a few
of the databases that were pre-registered in GlyTouCan.
The browsing functionality shows the wealth of informa-
tion that was gathered from the currently available data in
these public glycan databases. This section will explain the
browsing options available, as well as the three search meth-
ods: graphical, sequence text and motif.
Within the menu bar, the ‘View All’ section has a ‘Gly-
can List’ link which is a quick method to view the glycan
structures contained within the entire repository. The op-
tions to filter down the results are shown in Figure 2. The
top text input field can be used to screen for a specific motif
or monosaccharide name. The mass range can be quanti-
fied by inputting the minimum and/or maximum values, or
by altering the scrollbar. The ranges for these filtering op-
tions, such as the maximum mass or monosaccharides to
choose from, are retrieved from the entire scope of the gly-
can structures currently registered. If a monosaccharide is
chosen, it is then possible to filter for a specific cardinal-
ity of that monosaccharide. In the results list, the format
can also be altered to display the glycan sequences in either
GlycoCT (6) or WURCS (7). Moreover, the results can be
sorted according to accession number, contributor, mass or
date entered. This same browsing and filtering functional-
ity is available in the search results of the motif search, de-
scribed next.
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Figure 2. The browsing functionality can filter out the results based upon motifs, monosaccharide names, monosaccharide cardinality and mass range. It
is also possible to sort the results in order of accession number, contributor, mass or date entered.
The Motif search method (https://glytoucan.org/Motifs/
search) initially displays a list of the 61 predefined motifs,
which are defined as commonly found glycan substructure
patterns in the literature. The N-Glycan core and Sialyl-
Lewis X are examples of motifs. Clicking on a motif in this
list displays the listing of the glycans registered in GlyTou-
Can that contain the selected motif. Some motifs are very
common and can thus return a very large number of glycan
structures containing the selected motif. Therefore, multi-
ple filtering options allow users to easily find their glycan
structure of interest.
In the cases where a more specific glycan structure needs
to be specified, it is possible to build a specific glycan
substructure via the GlycanBuilder interface (8) (https://
glytoucan.org/Structures/graphical) as displayed in Figure
4. Once the structure building is complete and the search
button is pressed, it is converted into GlycoCT (6) format
and used to search the repository. Regardless of whether the
structure has been registered already, it and any superstruc-
tures (registered glycan structures that contain the input gly-
can structure), will be displayed in the search results. If the
structure used to search for is not registered yet, it will indi-
cate so by displaying ‘not registered’ instead of an accession
number in the results page.
The text search method (https://glytoucan.org/
Structures/structureSearch) is similar to the graphical
interface, however, the input can be specified using com-
monly utilized sequence formats such as GlycoCT (6), KCF
(9) or LinearCode R© (10). After submission, the format is
converted to GlycoCT (6) as necessary, after which the
results screen is displayed, similar to the graphical search
method. From the results listing, more details about a spe-
cific glycan structure can seen by clicking on an accession
number, which will display the glycan structure overview
page.
The glycan structure overview page displays all data spe-
cific to the glycan structure and any related information.
Each section on this page is labeled in Figure 3. The core
structural information is at the top of the page, where a
graphical representation is displayed (graphical represen-
tation display options can be changed using the Prefer-
ences menu). Below the image, sections describing motifs
contained andmonosaccharide compositions are displayed.
Further below, a listing of the public databases under the
Linked DB section is shown with links to the database site
where more (curated) information can be referenced.
REGISTRATION WORKFLOW
From the GlyTouCan website, there are currently three dif-
ferent methods to register structures into the repository:
graphically, text and file upload. Text and file upload are
limited to GlycoCT (6), LinearCode (10) and KCF (9) gly-
can structure text sequence formats. For the sake of brevity
we will review the simplest method which is via the graphi-
cal interface using GlycanBuilder (8).
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Figure 3. The glycan structure overview page displays the core structural information as well as any related data such as motifs found and monosaccharide
compositions. A listing of the public databases under the Linked DB section is also displayed with links to reference the structure information directly.
In order to access the registration functionality, it is first
necessary to sign in by clicking on the ‘Sign In’ button. Lo-
gin is required in order to associate a user to the structures
that are registered. For each glycan structure, a username is
displayed indicating the personwho registered the structure.
Glycan structures can be drawn on the GlycanBuilder (8)
interface and once the submit button is pressed, the graphi-
cal form of the structure is converted into the GlycoCT for-
mat (6) and submitted to the backend system. The backend
system checks for duplicates and generates the accession
number for the newly registered glycan structure. Structures
with ambiguous linkages and fragments are all accepted,
however, checks such as conflicting linkages are made to
ensure that chemically impossible structures are not regis-
tered. We note here that structures with ambiguous link-
ages will be registered if the GlycoCT (6) string compari-
son does not match any other registered structures, even if
other ambiguous structures could potentially match it. This
will become an important feature for users to be able to
browse ambiguous structures and find more defined struc-
tures that match it (e.g. a structure registered as ‘Gal(?1-
?)GlcNAc’ could match structures ‘Gal(b1–4)GlcNAc’ and
‘Gal(b1-?)GlcNAc’). Such related (subsumed) structures
will be made browseable in the next release using a visu-
alization tool currently being developed, as all ‘subsumed’
structures and their relationships will be added to the triple-
store, thus allowing users to find these relationships easily
through a visualization interface.
It is possible to utilize the backend server for other meth-
ods of access using a standard programmable interface,
which will be described later. After registering the glycan
structure, multiple server-side processes are executed in or-
der to analyze and link the structure to previously registered
glycan structures or glycan motifs (a commonly known
glycan substructure pattern, explained below in the Motif
Search section). Lastly a confirmation page will be shown
which displays the details found for the registered structure,
such as the calculatedmass,motif andmonosaccharide con-
tent.
Following the registration process, another batch pro-
cess (labeled gs2virt in Figure 1) is executed which retrieves
the structure and accession number from the relational
database and converts the data into RDF format. These
data are stored into a separately available triplestore and
linked to content such as conversion to other textual for-
mats.
BACKEND SERVER
The GlyTouCan backend server provides a method for sys-
tem or application developers to access the information
stored in the repository. Using the provided library, or ap-
plication programming interface (API), it is possible to
search, retrieve and register new glycan structures.Methods
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Figure 4. The methods to register a structure are by building one graphically from GlycanBuilder (8), pasting a sequence text into a form or uploading a
file. The uppermost image shows the GlycanBuilder user interface. The registration confirmation screen shows an example of registering a GlycoCT (6)
text sequence. The file upload method allows for registering multiple structures in a file.
provided include structure registration, data retrieval and
search services. The complete specification is available on-
line and describes in detail the functionality of each method
(http://api.glytoucan.org/documentation/apidoc.html).
As an example, we will request the GlycoCT (6) format of
an already registered glycan structure utilizing the accession
number. This is done with a simple call to a web location
(uniform resource locator; URL) using the accession num-
ber as a parameter by embedding it within the URL. The
accession number for an ‘N-Glycan core’ (Man3GlcNAc2)
structure is G00026MO. As the API is based on the REST
(REpresentational State Transfer) protocol, a request in
the following format can be made via a URL to retrieve
the sequence (and other information) of the glycan to re-
trieve an XML-formatted response: http://api.glytoucan.
org/glycans/G00026MO.
This request will return the following response:
The xml-formatted response of a glycan structure request,
where the structure is represented in GlycoCT (6) format in
the <structure> tag. The response can also be returned in
JSON format by simply adding ‘.json’ to the end of the http
request.
In a similar fashion, registration of a glycan structure can
be completed by inputting the information in GlycoCT (6),
and the XML output will indicate the relevant accession
number generated. It is thus possible to create separate ap-
plications orwebsites utilizing thisAPI to register structures
and extract information in the repository.
LINKED DATA ENDPOINT
As described in the previous section, the registered struc-
tures are batch-processed in order to generate and enrich
the RDF data. These data are then made freely available
through the Linked Data endpoint at http://ts.glytoucan.
org/sparql and can be accessed with standard SPARQL
queries. For readers interested in using the SPARQL inter-
face, we provide an explanation and examples of how to
retrieve/download the data in GlyTouCan in the Supple-
mentary Materials.
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CONCLUSION AND FUTURE WORK
In this manuscript, we describe the first version of the Gly-
can Structure Repository, called GlyTouCan, which allows
users to obtain unique accession numbers for any glycan
structure. It is possible to register a variety of glycan struc-
ture information: glycan compositions, glycans with am-
biguous linkages, ambiguous fragments and fully-defined
structures. Based on the accession numbers in GlyTouCan,
existing databases can simply use these numbers when re-
ferring to glycan structures. It will then be very simple for
GlyTouCan to link back to the databases that have stored
these same accession numbers, and display the linkages in
search results. Comparison of glycan structures with spe-
cific sequence formats is no longer needed when comparing
glycan data across databases or when searching for glycans
in publications.
In preparation for the next release, one of the major items
proposed is to have more user-editable content, such as the
ability to make comments and rate entries. Thus, nearly all
of the data in GlyTouCan such as the structures, motifs
andmonosaccharides would be able to be commented on or
rated by registered users. The contents of entries themselves
will not be editable, however, a community-driven frame-
work for data quality check would improve content quality
and give direction to new functionality requirements.
Adding relationships between glycan structures also adds
value to the data set. Enrichment with sub/super-structure,
subsumed structures and isomeric relationships is simply a
matter of creating algorithms that analyze the structures
already registered; however, performance analysis will be
necessary as volume could be highly resource-intensive.
Once this is ready, it will be possible to show ambigu-
ous siblings or sub/super structure content while browsing
through search results.
Finally, the post-registration processes are currently run
at a batched interval in order to process newly submitted
glycan structures, thus there may be some delay between the
time when a glycan structure is registered and when its data
are viewable from a browser. Ideally this should be a real-
time process, however, the complexity involved and poten-
tial resource bottlenecks require more evaluation on how
this is to be implemented. This is a high-priority item that
will be covered after the first release.
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